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ABSTRACT

A compilation of gas-phase rate data for use in nonequilibrium
gas composition and propellant performance calculation programs
is presented. Reactions are listed with the preexponential
factor, temperature exponent, and activation energy for the
Arrhenius form of the rate equation. Only undirectional rate
date are supplied since reverse rates may be generated from

thermochemical data. Explanatory notes on the estimation of
the rate data are included with the references.
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INTRODUCTION

This report is a compilation of gas-phase rate data for use in
nonequilibrium gas composition and propellant performance calculation
programs., The data are given for the Arrhenius rate equation, k = AT"
exp (-E/RT) Where A is the frequency factor, T is the absolute temperature,
n determines the preexponential tempcrature dependence, E is the activation
energy, and R is the gas constant. Only forward rate data are presented;
rates for the reverse reactions can be calculated by means of the

equilibrium constant.
The tabulation of the gas-phase rate data is as follows:

Reactions of aluminum species (Table 1)

Al

AIC1, MIC1,, AICL,
AIF, AIF,, AIF,
AlH

Al10

A1,0

A10C1

A10F

A10H

A0, ete.

\.O.CD“)O\\J’I-P'L»I\)F‘

—
=

Reactions of beryllium species (Table 2)

1. Be
2. BeCl
3. BeF
L. BeH
5. BeO



Reections of boron species (Table 3)

Reactione of carbon species (Tables 4 and 5)

Reactions of lithium species (Table 6)

Reactions of nitrogen species (Table T7)

Reactions of potassium species (Table 8)

Reactions of sodium species (Table 9)

Reactions of chlorine (Table 10) and fluorine species (Table 11)
Reactions of oxygen (Table 12) and hydrogen species (Table 13)

The order of the tables (Table 1 through 13) is alphabetical with
respect to names of the elements. Thus, aluminum reactions come first,
even i’ they involve beryllium, boron, carbon, etc. Vithin each table,
reactions of species containing the major element are listed alphabetically
with spccies containing the smellest number of atoms listed first. Among
the reactions involviug two-atom and three-atom species, for example, the
listing is alphabetical with respect to the elements. This species is
always listed first in the equation, and the arrangement is based entirely
on reactants, not products. Catalyzed reactions are listed before
uncatalyzed reactions, and reactions with specific cetalysts are listed
alphabetically with respect to catalysts. The arrangement of reactions
of a given species is alphabetical with respect to the other reactant
(or reactants). All reactions with singlg-atom reactants come first,

two-atom reactants are next, etc.

Therc are & number of exceptions to these orgenizational rules.
Alphabetical order is ac noted except for chlorine, fluorine, oxygen,
and hydrogen; thece are listed in that order, at the end of the table
after sodium. This exception does not occur within the verious tables.
Halogen and oxide species in & table are often listed together instead
of according to the numerical rule. AlC1, A1C12, and AlCl. are listed

3
successively before AlF, A1F2, and A1F_, which are 2all listed before

3}
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AlH., O and O2 reactions are listed successively before OH. All chargee
are ignored in arranging reactions except when an isolated electron is a
reactant; these reactions are then arranged alphabetically as single-

atom reactants.

The references cited in the tables show the source of the data;
where no kinetic data are available, the constants were estimsted by

recommended procedures as indicated in the references.

Meny of the reaction rates are based on Ref. (2). For these cases,
rate constants of nonionic reactions were estimated on the basis of the
report cited in Ref. (1). A, n, and E were chosen to correspond to
those of cimilar reazctions in this report. For exothermic bimolecular
reactions, A = 5 x 101l cc/mole-sec, n=0.5, E = S.S% of the energy
of the bond being broken for triatomic transition states (Hirschfelder
rule). For transition states of more than three atoms, A = 1 x 10tt
cc/mole-sec. Typicelly, for exothermic trimolecular reactions, A = 3 x

101 cc2/molesa sec, n = -0.5, and E = 0,

Reactions based on Ref. (2), involving ions or electrons, use the
report in Ref. (21) as their basis. For charge transfer reactions,
A= x 1011, n = 0.5, and E = 0. For reactions of the type X' +e+ M,
where M is, as in the tables, any third body that acts as a catalyst,
A=52x10°3, n=-1.5 and E = 0. For the type X' + Y + M = XY + M,
A hxlol7,n=-o.5,andE 0. ForX+e+M=X'+M,A=lx1020,
n=-1.0,and E=0. Forx+Y +M=XY" +M, A=4x10", n=-0.5,
and E = 0. For exothermic reactions of the type X~ + Y = XY + e,

A=5x 1011, n=0.5, and E = 0.

i

Although many of the tabulated reactions contain M, a generalized
third-body catalyst, specific third bodies are included wherever the
information is available. For example, the hydrogen-fluorine reactions

(Refs. 3 and 19) have Hz, H, and HF as specific third bodies, each with



slightly different kr values. Atamic fluorine is present in such systems

at & much lower concentration and has a negligible effect as a third body;
therefore third-body reactions with F as & catalyst are not listed. When

a generalized third-body reaction rate was not available, but desirable,

and several specific third body rates were available, A for the generalized
reaction rate has been obtained from & weighted geometric mean of the A's
for the specific reaction rates. The weighting is based on the concentration
of each specific third body. If the concentrations of the specific third
bodies are ¥y the weighted geometric mean is

1, = (1 Aiyi)l/iyi_

A1l the rates associated with Ref. (36) are hydrogen transfer
reactions (AH + B = A + HB). The collision equation used to estimate
the rates of these reactions is a modification of the equation referred
to in Ref. (36). In units of cc/mole-sec, ko = 2.7k x 1012 p ’ABE“% T%
T (gBH B4 /Ban gB)% Here, E = 0, n = 4, and the equation really
determines A. In the equation P = 0.1 (steric factar for polyatomic
reactants), g is the electronic multiplicity, %8 is the internuclear
distance (in angstrams) between colliding species, u is the reduced mass,

and r_ is the number of equivalent hydrogens on AH.

-l



Table 1. Reactions Involving Aluminum Species

Reaction ? n Refer-

cc kcal/mole ence

mole-sec

11
AL + MICL, = 2 MIC 1 x 10 0.5 5 2
Al + AICIF = AICL + AIF 1 x 107 0.5 6 2
AL + A10C1 = A10 + C1 1 x 10Mt 0.5 8 2
AL + AIC1; = AICI + AL, 1 x 104 0.5 5 2
AL + AIF, = 2AIF 1 x 100t 0.5 6 2
Al + ALOF = AIF + A1O 1 x 10t 0.5 9 2
AL + AICIF, = AIF + AICIF 1 x 10t 0.5 7 2
AL + AICIF, = AIC1 + AIF, 1 x 10M 0.5 6 2
AL + MICLF = AIF + AICl, 1 x 10t 0.5 7 2
AL + AICLF = AICL + AICIF 1 x 10t 0.5 6 2
AL + AIF, = AIF + AIF, 1 x 107 0.5 7 2
AL + AIOH = ALO + H 1 x 10Mt 0.5 4 2
AL+ A0 + M = ALO + M 3 x 1080 -0.5 0 2
A+mo =mt a0 101t 0 2

0 = AL, 5 x .5 0

+ + 16
m" A0+ M=M0 4N 3 x 10 -0.5 0 >
AL + ALOH = AIOH + ALO 5 x 1010 0.5 6 2
AL + ALOH = OH + ALLO 1 x 100t 0.5 5 2

+ + ll
A" + ALOH = OH + ALQ 1 x 10 0.5 5 2
AL + A1O, = A0 + ALQ 5 x 100 0.5 6 2
AL+ Be =m' + Be L x 100t 0.5 0 >



——

Table 1. Reactions Involving Aluminum Species (Continved)

Reaction A n E Refer-
ce/ kcal/mole ence
mole-sec
Al + BeCl = Be + AIC1 5 x 101t 0.5 6 2
AL + BeF = ALF + Be 5 x 10 0.5 8 2
Al + BeH = AlH + Be 8.5x10™ 0.7 b 22
Al + BeO = Al0 + Be 5 x 101t 0.5 6 2
AL + BeCIF = BeCl + AIF 1 x 10t 0.5 7 2
A’ + cHO = A1 + cHO' 5 x 10 0.5 0 2
Al + CHO = ALH + CO 1 x 101t 0.5 2 2
AL + C1™ = A1C1 + e 5 x 10t 0.5 0 2
AL + C1, = AIC1 + C1 5 x 107 0.5 3 2
AL +CL+ M= AICL + M 3 x 10%6 -0.5 0 2
A +c1T+ M= AlCL+ N b x 1087 -0.5 0 2
Al + C1F = AIF + Cl1 5 x 10 0.5 3 2
AL + CIF = AIC1 + F 5 x 107 0.5 3 .2
Al + C1F = AIC + H 5 x 100 0.5 6 2
'+ cut = mc1 + e’ 1 x 10 0.5 6 2
AL + ClLi = AIC1 + It 5 x 100 0.5 6 2
AL + C1K = AIC1 + K 5 x 101 - 0.5 7 2
A+ ci1x = AlCL + K 1 x 108 0.5 7 2
Al + ClNa = AIC1 + Na 5 x 10 0.5 5 2
Al* + ClNa = AIC1 + Fa' 5 x 100 0.5 5 2
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Table 1. Reactions Involving Aluminum Species (Continued)

—— RO e

Reaction A5 n E, Refer-
ce/ kcal/mole ence
mole-sec
A v e+rM=A+N 5 x 1023 a1 0 2
AL+ F+M= AIF + M 3 x 10%0 -0.5 0 2
MY+ F e M=MF + M b x 1007 -0.5 ) 2
AL + Fy = AIF + F 5 x 100 0.5 2 2
AL + FH = AIF + H 5 x 100" 0.5 7 2
mt o+ LE = an o+t 1 x 108 0.5 3 2
AL + FLi = AIF + Li 5 x 10t 0.5 7 2
ALY+ FLi = m1F + 14" 1 x 107t 0.5 7 2
AL + Li0 = A0 + Li 5 x 10T 0.5 5 2
m o+ Lio = A0 + Li" 1 x 10 0.5 5 2
M + FK = AIF + K 5 x 10+ 0.5 7 2
m’ = MF K 1 x 10 0.5 7 2
AL + FNa = ALF + Na 5 x 10 0.5 6 2
A" + FNa = AIF + Na' 1 x 0™ 0.5 6 2
M+ g+ M= AL+ M b x 1077 -0.5 0 2
AL+ H+M= AlH + M 3 x 10%6 -0.5 0 2
AL+ H =e+ AlH 5xJ.oll 0.5 0 2
AL + HO = A1O + H 5 x 10t 0.5 6 2
AL + LiHl = Li + ALH 3.0x10™2 0.7 9 2
AL + OH + M = A10H + M , 3 x 10 -0.5 0 2
=




Table 1. Reactions Involving Aluminum Species (Continued)

Reaction A, n E, Refer-
ce/ kcel/mole ence
mole-sec

AL + H,0 = ALOH + H 1 x 10t 0.5 6 2
AL + 530’ = Al +H+ 1,0 1 x 10%° 0.5 6 2
AL" - NaH = ALH + Na' 5 x 100 0.5 7 2
Al + NaH = Na + AlH 9.7x10ll 0.7 6 22
mt et moent 4 x 10t 0.5 0 2
AL+ 30" = A"+ Mo 5 x 10Mt 0.5 0 2
AL+ 0" = A0 + e 5 x 101 0.5 0 2
AL+ 0 +M=Al0 + M 3 x 101 -0.5 0 2
mtro v M=A10 N b x 1077 -0.5 0 2
Al + 0, = A0 + 0 '5x1011 0.5 6 2
AL+ 0, = A10 + 0 5 x 10Mt 0.5 6 2
a' v 0,” = a0+ o 5 x 10™ 0.5 6 2
At ke ok b x 100t 0.5 0 2
ALY + Na = AL + Na b x 107 c.5 0 2
AL + NeO = AlO + Na 5 x 10Mt 0.5 b 2
m” + NaO = ALO + Na' 5 x 10t 0.5 6 2
ALCL + MC)y = 2AC1, 1 x 1ctt 0.5 5 2
AICL + AICLF = AICL, + AICIF 1 x 10't 0.5 6 2
AIC1 + ALCIF, = 2AICIF 1 x w0t 0.5 7 2
AIC1, + ALF, = AICL + AICIF 1 x 107 0.5 5 2

2 2




Table 1. Reactions Involving Aluminum Species (Continued)

Reaction A, n E, Refer-
ce/ kcal/mole ence
mole-sec
AIC1_ + ALF, = ALF + AICl 1 % 10t 0.5 6 2
2 2 2F

ALC1; + ALF = AICIF + AICL, 1 x 10 0.5 5 2
AIC1 + A10 = ALOCL + AL 1 x 10" 0.5 6 2
AIC1 + A10 = AL +C1 1 x 10M 0.5 6 2
AICL + ALOH = ALOCL + ALOH 1 x 0™ 0.5 6 2
AIC1L, + AL0 = AICL + AICIO 1 x 10t 0.5 5 2
AICL + BeCl = AIC, + Be 1 x 10t 0.5 6 2
AICL + BeCl = AL + BeCly 1 x 10t 0.5 6 2
AICL, + BeCl = AICL + BeCl, 1 x 107 0.5 5 2
ALCL, + BeCl = ALCL, + Be 1 x 0%t 0.5 6 2
ALCL; + BeCl = ALCL, + BeCl, 1 x 1ot 0.5 5 2
AIC1 + BeF = BeCIF + Al 3. x 101t 0.5 6 2
AIC1 + BeF = AICIF + Be 1 x 1ott 0.5 8 2
AICL, + BeF = AICLF + Be 1 x 101t 0.5 8 2
AICL, + BeF = DeFC1 + ALC1 1 x 10+t 0.5 5 2
AIC1 + CO, = CO + AIC10 5 x 10'° 0.5 7 2
AICL + F, = AICIF + F 1 x 10t 0.5 2 2
ACl, + F = AIFCL, 1 x 10M 0.5 0 2
AIC1 + CLF = AICIF + Cl 1 x 10t 0.5 3 2
AICL, + KF = AICLF + K 1 x 104t 0.5 7 2

2
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Table 1. Reactions Involving Alumirum Species (Continued)

Reaction A n E Refer-
ce) kcal/mole ence
mole-sec
AIC1 + NaF = AICIF + Na 1 x 101t 0.5 7 2
AICL, + NeF = AICL,F + Na 1 x 101 0.5 6 2
AICL + CL + M= AICL, + M 3 x 1018 -0.5 0 2
AICL + C1” = MICL, + e 1 x 10t 0.5 0 2
AIC1 + Cl, = AICL, + C1 1 x 101t 0.5 3 2
AICL + CIF = AICL, + F 1 x 101t 0.5 3 2
ALCL, + C1 = MIC1, 1 x 10t 0.5 ¢ 2
AIC1, +C17 = AIC1y * e 1 x 10t 0.5 0 2
AICL + F + M = ALFC1 + M 3 x 10%° -0.5 0 2
AIC1 + KF = AICIF + K 1 x 10M 0.5 T 2
AIC1, + H = ALCL + HC1 1 x 101 0.5 5 2
ALC1; + K = C1 + AICL, 1 x 10t 0.5 5 2
AIC1 + L10 = AlOCL + L1 1 x 10 0.5 6 2
AICL+ Lt = AIC1 + L4C2 1 x 10t 0.5 5 2
ALC1 + L4 = LICL + AICL, 1 x 10 0.5 5 2
AICL + M + 0 = AL0C1 + M 3 x 10*6 -0.5 0 2
AIC1 + 0™ = ALOCL + e 1 x 101t 0.5 0 2
AIC1 + 0" = A10 + C1° 5 x 101t 0.5 3 2
AICL + 0, = AL0CL + 0 1 x 10 0.5 6 2
AIC1 + 0,” = AL0CL + 07 1 x 10t 0.5 5 2
-10-
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Table 1. Reactions Involving Aluminum Species (Continued)

Reaction A n E Refer-
cc} kcal/méle ence
mole-sec

AIC1, + O = ALOCL + C1 1 x 102 0.5 5 2
AIC1, + 07 = ALOCL + C1” 1 x 10%° 0.5 5 2
MCl, + K = AICL + KC1 5x100° 0.5 5 2
AICL 3+ K = KC1 + AlCL, 1 x 10t 0.5 5 2
AIC1, + Na = AIC1 + NaCl 1 x 104t 0.5 5 2
AIC1 + NaO = ALOCL + Na 1 x 101t 0.5 4 2
AICLy + Na = NeCl + AIC1, 5 x 10%° 0.5 5 2
AICIF + AIF, = ALF + AICIF, 1 x 101t 0.5 6 2 |
Al1ClF + A1F2 = Al1C1 + A1F3 1 x 101l 0.5 T 2
AICIF + A0 = ALF + A10C1 1 x 101 0.5 6 2
AICIF + A0 = AIC1 + ALOF 1 x 10™ 0.5 7 2
AICIF + BeCl = ALFCL, + Be 1 x 10t 0.5 6 2
AICIF + BeCl = AIC1 + BeCLF 1x100 0.5 7 2
AIFCL + BeCl = BeCl, + AIF 1 x 10 0.5 6 2
AIFCL + BeCl = ALFCL, + Be 1 x 10t 0.5 6 2
AICIF + BeF = AICIF, + Be 1 x 101t 0.5 8 2
AICIF + BeF = AICL + BeF, 1 x 10 0.5 7 2
ALCIF + BeF = BeFCl + AIF 1 x 10t 0.5 6 2
AICIF + C1 = ALCLF 1 x 10t 0.5 0 2 |
AICIF + F = AICIF, 1 x 101t 0.5 0 2 :

-11-




Table 1. Reactions Involving Aluminum Species (Continued)

Reaction A, n E, Refer-
ce/ kcal/mole ence
mole-sec

AICIF + KF = AICIF, + K 1 x 101t 0.5 7 2
AICIF + NeF = AICIF, + Na 1 x 10t 0.5 6 2
AICIF + H = AICL + HF 1 x 10t 0.5 7 2
AICIF + H = AIF + KCL 1 x 10™ 0.5 6 2
AICIF + Li = AIC1 + LiF 1 x 0™t 0.5 7 2
AICIF + Li = AIF + LiCL 1 x 10t 0.5 6 2
AICIF + 0" = ALOF + CL™ 5 x 10-° 0.5 6 2
AICIF + 0 = AlOCl + F° 5 x 1010 0.5 T 2
AICLF + 0 = AIOF + C1 1 x 10tt 0.5 6 2
AICIF + Na = ALF + NaCl 1 x 101 0.5 6 2
AICL,F + AIF = 2AICIF 1 x 101t 0.5 6 2
AIC1,F + BeCl = BeC1F + AICl, 1x 1o11 0.5 8 2
AICLF + BeCl = BeCl, + ALICL 1 x 10Mt 0.5 6 2
AICIF, + BeF = BeF, + ALCIF 1 x 10Mt 0.5 8 2
AICIF, + BeF = BeFCl + AIF, 1 x 10t 0.5 6 2
ACLF + H = MCIF + KC1 1 x 10 0.5 6 2
MCLF + H = AIC, + HF 1 x 10t 0.5 7 2
AICLF + L4 = L47 + ALCL, 1 x 10%t 0.5 7 2
MCLF + Li = LiCL + ALCLF 1 x 10t 0.5 6 2
AICLF + K = KCL + AICIF 1 x 101 0.5 6 2

-13e




Table 1. Reactions Involving Aluminum Species (Continued)

P

Reaction A, n E, Refer-
ce/ kcal/mole ence
mole-sec

AIC1F + Na = ALCIF + NaCl 1 x 10t 0.5 6 2
AICIF, + BeCl = BeCl, + AlF, 1 x 10t 0.5 6 2
AICIF,, + BeCl = BeFC1 + AIFC1 1 x 101t 0.5 8 2
AICIF, + BeF = AIF, + BeCIF 1 x 0%t 0.5 6 2
AICIF, + BeF = AICIF + BeF, 1 x 101t 0.5 8 2
AICIF, + H = AIF, + KC1 1 x 10t 0.5 6 2
AICIF, + H = AICIF + HF 1 x 10t 0.5 7 2
AICLF, + Li = AIF, + LiC1 1 x 10t 0.5 6 2
AICIF, + Li = AICIF + LiF 1 x 10t 0.5 7 2
ALF + ALO,H = ALOF + ALOH 1 x 10Mt 0.5 6 2
AIF + Al, 0, = ALOF + AL 0 1 x 10t 0.5 6 2
2ALF, = AIF + AIF, 1 x 100t 0.5 6 2
AIF, + Al0 = AIF + ALOF 1 x 100t 0.5 6 2
ALF + BeCl = AICIF + Be 1 x 10t 0.5 6 2
AIF, + BeCl = AICIF, + Be 1 x 10t 0.5 6 2
AIF, + BeCl = BeC1F + AIF 1 x 10%t 0.5 6 2
ALF + BeO = AIOF + Be 1 x 0%t 0.5 9 2
AIF + BeF = Be + AIF, 1 x 10t 0.5 8 2
ALF + BeF = BeF, + Al 1 x 10t 0.5 9 2
ALF,+ BeF = BeF, + AIF 1 x 100t 0.5 6 2

13-




Table 1. Reactions Involving Aluminum Species (Continued)

Rea:tions A, n E, lefer-~
ce/ kcal/mole ence
mole-sec

AIF,+ BeF = Be + ALF; 1 x 0™t 0.5 8 2
ALF, + BeF = BeF, + ALF, 1 x 101t 0.5 8 2
AIF + C1 + M = AICIF + M 3 x 10%6 -0.5 0 2
AIF, + C1 = AICIF, 1 x 101t 0.5 0 2
AIF, + KC1 = AICIF, + K 1 x 10t 0.5 6 2
ALF + CIF = AICIF + F 1 x 0%t 0.5 3 2
AIF, + NeC1 = AICIF, + Ne 1 x 101 0.5 5. 2
AIF, + KF = AIF; + K 1 x 10M 05 T 2
AIF + CIF = AIF, + C1 1 x 101 0.5 3 2
AIF + F + M= AIF, + M 3 x 10%8 -0.5 0 2
AIF + F, = AIF, + F 1 x 10t 0.5 2 2
AIF, + F = AP, 1 x 101t 0.5 0 2
AL+ BF = H + AIF, 1 x 101 0.5 7 2
AR+ LiF = Li + AL7, 1 x 101t 0.5 7 2
AIF +NaF = AIF, + Na 1 x 10t 0.5 6 2
AIF,+ NaF = Na + ALF 1 x 10t 0.5 6 2
AIF, + H = AIF + HF 1 x 0™ 0.5 6 2
ALF + OH = AIOF + E 1 x 10t 0.5 6 2
AIF, + L4 = AIF + FL4 1 x 10Mt 0.5 9 2
AIF + Li0 = ALOF + L1 1 x 107 0.5 5 2

-14-




Table 1. Reactions Involving Aluminum Species-(Continued)

Reaction A, n E, Refer-
ce/ kcal/mole ence
mole-sec
AIF + 0 + M = AIOF + M 3 x 10%° -0.5 0 2
AIF, + 0 = AIOF + F 1 x 10 0.5 6 2
AIF + 0, = ALOF + 07 1 x 10t 0.5 5 2
AIF, + K = AIF + FK 5 x 10°* 0.5 6 2
ALF + NeO = AIOF + Na 1 x 10t 0.5 b 2
ALH + A10 = ALOH + AL 1 x 10t 0.5 4 2
AR + A0 = ALQ + H 1 x 10°t 0.5 b 2
ALE + BeH = Bell, + Al 1 x 104t 0.5 b 2
AlH + BeO = BeOH + Al 1 x 10t 0.5 4 2
ALE + BeO = AlOH + Be 1 x 10t 0.5 6 2
AlH + B = Al + BH 2.hx10™2 0.7 8 22
AlH + C = AL + CH 1.4x10M2 0.7 13 22
ALH + CN = AL + HCN 1 x 10 0.5 4 2
ALH + Cl = AICL + K 5 x 101t 0.5 4 2
AW + Cl = Al + HCL 1.hx1ott 0.7 8 22
AlH + F = Al + HF 1.5x100t 0.7 6 2
AE+ H= Al + B 9.1x10M 0.7 4 22
ALH + NE = AL + NH, 1 x 10+t 0.5 b 2
ALE + Li0 = Al + LiOH 1 x 10t 0.5 4 2
AE + N = AL + HN 5.6x10™ 0.7 6 22
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Table 1. Reactions Involving Aluminum Species (Continued)
Reaction A, n E, Refer-
ce/ kcal/mole ence
mole-sec
AlH + 0 = AL + HO 2.8xa0Mt 0.7 8 22
AlH + 0" = AL + OH" 5 x 10 0.5 3 2
ALH+ 0 = AlO + H 5 x 10 0.5 4 2
AlH + OH = AIOH + H 5 x 10t° 0.5 6 2
ALE + OH = AL+ H,0 1 x 10t 0.5 4 2
AL + Na0 = Al + NeOH 1 x 101t 0.5 4 2
2410 = A1,0, 1 x 10™* 0.5 0 2
2A10 = AL + O 1 x 1071 0.5 6 2
ALO + ALOH = AL,O + OH 1 x 10t 0.5 b 2
A0 + ALCH = ALO, + H 1 x 10t 0.5 5 2
A0 + 10" = A* + AL, 1 x 10 0.5 6 2
Al0 + BeCl = A10C1 + Be 1 x 10t 0.5 6 2
A0 + BeH = ALOH + Be 1 x 101! 0.5 3 2
ALO + BeOH = BeO + ALOH 1.3x10Mt 0.5 0 %
ALO + CH, = CH + AlOH 4.3x0M 0.5 0 36
A10 + CHy = CH, + ALO 2.5x10Mt 0.7- 6 22
AL0 + CH, = CH, + ALOH 2.2x10° 0.7 10 22
ALO + HCO = CO + ALOH € x 10°° 0.7 4 22
AC + Heco = HCO + Al1OH 2.7xJ.0ll 0.7 10 22
ALO + ECH = CN + ALOH 5.1x101 0.7 2 22
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Table 1. Reactions Involving Aluminum Species (Continued)

Reaction A, n E, Refer-
ce/ kcal/mole ence
mole-sec
A0 + CO = Al + CO,, 1 x 10t 0.5 6 2
AlO + M + C1 = AICIO + M 3 x 1016 -0.5 0 2
ALO + Cl = AIC1 + O 5 x 10t 0.5 6 2
A0 + C1™ = ALOCL + e 1 x 10™% 0.5 0 2
AL0 + C1, = ALOCL + C1 1 x 10t 0.5 3 2
ALO + CIF = AIOF + C1 1 x 10t 0.5 3 2
AlO + CIF = AlOCL + F 1 x 10t 0.5 3 2
AC + HCL = AlOCY + H 1 x 10t 0.5 6 2
Al0 + NaCl = ALOCl + Na 1 x 10t 0.5 6 2
AlO + F + M = ALOF + M 3 x 10%6 0.5 0 2
AlO + F = AIF + 0 5 x 101 0.5 6 2
Al0 + F, = ALOF + F 1 x 10t 0.5 2 2
ALQ + HF = AIOF + H 1 x 10M 0.5 7 2
A0 + LiF = ALOF + Li 1 x 10t 0.5 7 2
A0 + KF = ALOF + K 1 x 0%t 0.5 T 2
A0 + NaF = ‘AlOF + Na 1 x 0%t 0.5 6 2
AlO + H = Al + OH™ 5k 0%t 0.5 6 2
AlO + H + M = ALHO + M 3 x 10%6 -0.5 0 2
A0 + LiH = ALOH + Li 1 x 10t 0.5 3 2
ALO + OH = HAIO, 1 x 10 0.5 0 2
-17-
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Table 1. Reactions Involving Aluminum Species (Continued)

Reacticn A, n E, fefer-
ce/ kcal/mole  ence
= \ mole-se:
o
A0 + OR™ = ALOH + e 1 x 10t 0.5 0 2
AL0 + ENO = NO + ALOH 3.2qa0t 0.5 0 36
A0 + H,0 = OH + ALOH 8.hx10™t 0.5 0 36
MQ + NE, = NA ¢ ALOK: 1.1x10'2 0.5 0 3
AL0 + NH, = N, + ALOK 6.6x10™" 0.5 0 3
Al0 + NaOH = NaO + ALOH 1.4x0Mt 0.5 0 36
Al0 + NaH = ALOH + Na 1 x 10t 0.5 3 v 2 : .
A0 + N = AL + ON 5 x 10 0.5 6 2
ALLO + ALOCL = AICL + ALO, 1 x 10t 0.5 8 2 :
ALL0 + AIOJH = ALOK + AL0, 5 x 10M° 0.5 6 2
N0+ B = ALO" +Be b x 10t 0.5 0 2
AL, + BeO = Be + AL, 1 x 10 0.5 6 2
me" +c1=m" + aoc 1 x 1™ 0.5 6 2
ALO" +CL” = AL + Al0CL 1 x 10t 0.5 6 2
MO +M+e=ALO+M 5 x 10°3 -1.5 0 2
ALO + F = AL+ ALOF 1 x 20 0.5 7 2
A0 + F = AIF + A0 1 x 10t 0.5 6 2 1
ao" + F =M’ + Al0F 1 x 10%° 0.5 7 2
ALO" + F" = AL + ALOF 1 x 0™ 0.5 T 2
ALO" + E = AL + AOH 1 x 108 0.5 6 2
-18-




Table 1. Reactions Involving Aluminum Species (Continued)

Rea~tion A, n E, Refer-
ce/ kcal/mole ence
mole-sec
ALO *+ OH - H + AL.O 1 x 10t 0.5 6 2
2 2% :
MO+ 11" = A0 + Lt h x 100t 0.5 0 2
ALO+0 = ALO. + e 1 x 10Mt 0.5 0 2
2 e 2
AL 0" +0” = AL 1 % 10M 0.5 0 2
2 2% :
. BT 10
ALO + 0,7 =07 + A0, 5 x 10 0.5 5 2
A120+ rK=X + A1 b x 100t 0.5 0 2
A120+ + No = Na'*+ AL 5 x 10Mt 0.5 0 2
ALOC1 + Be = BeO + AIC1 1 x 100t 0.5 8 2
AlOCL + F = 0 + AICiF 1 % 'mett 0.5 8 2
ALOC1 + H = AIC1 + OH 1 x 10t 0.5 8 o
ALOCL + Li = AlO + LiCl 1 x 100% 0.5 8 2
ALOCL + K = AlO + KC1 1 x 0™t 0.5 3 o
AIOF + Be = ALF + BeO 1 %101t 0.5 8 2
ALOF + CO = AIF + CO, 1 % 200t 0.5 8 2
AIOF + F = 0 + AIF, 1 x 20 0.5 8 2
ALOF + N = AIF + NO 1 x 1041 0.5 € 2
AIOF + 0 = AIF + 0, 1 x 104t 0.5 6 2
AOE ~ BeH = BeH, + AlO 1 x 10t 0.5 N 2
R S
ALOH + BeOH = BeO,fi, + Al 1 x 10t 0.5 g 2
ALOH + Beo = Be + ALOH 1 x 10t 0.5 6 2
-19-
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Teble 1. Reactions Involving Aluminum Species (Continuod)

Reaction A, n E, Refer-
ce/ kcal/mole ence
mole-sec
ALOH + BeO = BeOH + Al0 1 x 20t 0.5 b 2
ALOH + CH = Al0 + CE, 4 x 10%° 0.7 2 22
AlOH + CN = A10 + KON 1 x 10t 0.5 b 2
AL0H + C1 = AC1 + OH 5 x 100 0.5 5 2
ALOH + C1 = Al0 + HCl 1.0t 0.5 0 36
A104 + C1 = AL0C1 + H 1 x 10t 0.5 b 2
ALOH + F = AlOF + H 1 x 10M 0.5 4 2
ALOH + F = AIF + OK 1 x 107 0.5 5 2
AlOH + F = AL + HF 1.8x20Mt 0.5 0 .36
AIOH + H = Al0 + R, 1.2a0™ 0. 5 22
ALOH + OH = Al0 + H,0 2.1x10M 0.5 0 36
ALOH + L10 = Al0 + LiOH 1 x 10t 0.5 b 2
ALOH + N = AlO + NH 1 x 10t 0.5 b 2
ALOH + NH = AlO + NH, 1 x 10t 0.5 4 2
ALOH + 0” = ALOH + e 1 x 10 0.5 0 2
MOH + 0 = KO * Oy, 3.7x10" 0.5 0 36
‘ton'+ 6" = ALO + o 1x 100 0.5 b 2
ALOH + NeO = AlO + NaOH 3.1x20M 0.5 0 36
ALOH + Be ~ DeOH + AlO 1 x 10t 0.5 5 2
ALO,H + BeOH = BeO,H, + ALO 1 x 104 0.5 5 2
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Table 1. Reactions Involving Aluminum Species (Concluded)

Reaction A, n E, Refer-
ce/ kcal/mole ence
mole-sec
ALOH + CO = CO, + ALOH 5 x 10%° 0.5 6 2
A0 H + C1 = ALOCL + OH 5 x 10%° 0.5 5 2
ALOH + C1™ = ALOCL + OH” 1 x 10%° 0.5 6 2
A0 H + F = ALOF + OH 1 x 10t 0.5 5" 2
ALO_H + F~ = AIOF + OH 5 x 10:° 0.5 5 2
ALO,E + H = H,0 + A0 1 x 10%° 0.5 5 2
AL0H + H = ALOH + OH 5 x 10%° 0.5 6 2
ALOH + 14 = LiCH + A10 1 x 10 0.5 5 2
ALOH + Li = ALOH + L0 1 x 10Mt 0.5 6 2
AIOH + N = NO + ALOH 5 x 1010 0.5 6 2
ALOH + 0 = 0, + ALOH 5 x 10™° 0.5 6 2
A0H + K = KOH + AlO 1 x 10t 0.5 5 2
ALOH + Na = Na OF + ALO 5 x 10°° 0.5 5 2
ALOE + Na = ALOH + NeO 5 x 10°° 0.5 6 2
ALO, + CO = AL *+ CO, 5 x 10™° 0.5 6 2
A0, + N = NO + AL 1 x 10M 0.5 6 2
A0, *+ 0 =0, +ALO 1 x 10t 0.5 6 2
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Table 2. Reactions Involving Beryllium Species
Reaction A n E Refer-
ce/ kcal/mole ence
mole-sec

Be + BeOf, = 2BeOH 1 x 10 0.5 5 2
Be + HCO = BeH + CO 1 x 10Mt 0.5 2 2
Be + CL + M = BeCl + M 3 x 1086 -0.5 0 2
Be' +Cl™ +M=DBeCl + M b x 1007 -0.5 0 2
Be + Cl, = BeCl + Cl 5 x 10Mt 0.5 3 2
Be + CIF = BeCl + F 5 x 10t 0.5 3 2
Be + CIF = BeF + Cl 5 x 10+ 0.5 3 2
Be' + LiC1 = BeCl + L1 1 x 10M 0.5 6 2
Be' + NaCl = BeCl + Na' 1 x 10 0.5 5 2
Be' +e+M=Be+M 5 x 1023 -1.5 0 2
Be + F+ M=DeF + M 3 x 10%6 -0.5 0 2
Be' +F +M=BeF + M b x 108 -0.5 0 2
Be + F,= BeF + F 5 x 10 0.5 3. 2
Be' + LiF = BeF + 11~ 1 x 10M 0.5 T 2
Be' + NaP = BeF + Na' 1 x 10t 0.5 6 2
Be + H+ M=DBeH + M 3 x 108 -0.5 0 2
Be + OH + M = BeOH + M 3 x 10% -0.5 0 2
Be + HO = BeO + H leon 0.5 6 2
Be + H0 = BeOH + H 1 x 10t 0.5 6 2
Be + Nal = Be + Na 2,200 0.7 9 2
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Table 2. Reactions Involving Beryllium Species (Continued)

Reaction A, n E, Refer-
ce/ kcal/mole ence
mole-sec
Be' + NaH = BeH + Na' 1 x 10t 0.5 3 2
Be' + L1 =Be+ 11 4 x 10t 0.5 ) 2
Be' + LiH = BeH + L1~ 1 x 100t 0.5 3 2.
Be + Li0 = BeO + Li 5 x 10M* 0.5 5 2
Be' + Li0 = BeO + Li’ 1 x 10t 0.5 5 2
Be' + NO = Be + NO' b x 10 0.5 0 2
Be + 0" = e + BeO 5 x 10T 0.5 0 2
Be + 0+ M=DBeO + M 3 x 10*6 -0.5 0 2
Be' + 0" +M=Be0 + M 4 x 1087 -0.5 0 2
Be + 02' = BeO + 0 5 x 10t 0.5 5 2
Be' +.0,” = BeO + 0 5 x 10 0.5 5 2
Be' + NaO = BeO + Na' 1 x 10t 0.5 4 2
Be + NaO = BeO + Na 5 x 10°t 0.5 4 2
Be' + Na = Be + Na' 4 x 10t 0.5 0 2
2BeC1 = Be + BeCl, 1 x 101 0.5 6 2
BeCl + BeF = BeCIF + Be 1 x 10 0.5 8 2
BeCl + M + ClL = BeCl, *+ M 3 x 101 -0.5 0 2
BeCl +Cl =e + BeCl, 1 x 10 0.5 0 2
BeCl + Cl, = BeCl, + C1 1 x 10t 0.5 3 2
BeCl + CIF = BeCl, + F 1x 10t 0.5 3 2

2
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Teble 2. Reactions Involving Beryllium Species (Continued)

Reaction A, K, Refer-
cc/ kcal/mole ence
mole-sec

BeCl + CIF = BeC1F + Cl 1 x 10t 0.5 3 2
BeCl + HCL = BeCL, + H 1 x 10t 0.5 6 2
BeCl + LiC1 = BeCl,, + L 1 x 107 0.5 6 2
BeCl + NeCl = BeCl, + Na 1 x 101t 0.5 5 2
BeCl + e = Be + C1™ 5 x 10t 0.5 0 2
BeCl + F + M = BeCLF + M 3 x 1086 -0.5 0 2
BeCl + F, = BeCIF + F 1 x 10t 0.5 2 2
BeCl + HF = BeClF + H 1 x 10t 0.5 7 2
BeCl + LiF = BeCIF + Li 1 x 10 0.5 7 2
BeCl + NaF = BeCLF + Na 1 x 100t 0.5 6 2
BeCl + H = HCL + Be 5 x 10%T 0.5 6 2
BeCl + OH = BeOH + Cl 1 x 10t 0.5 6 2
BeCL + Li = LICl + Be 5 x 107t 0.5 6 2
BeCl + 0 = Cl + BeO 5 x 10t 0.5 6 2
BeCL + 0" = C1~ + BeO 1 x w0 0.5 6 2
BeCl + Na = NaCl + Be 5 x 101t 0.5 3 2
2BeF = BeF, + Be 1 x 10Mt 0.5 8 2
BeF + CL + M = BeCIF + M 3 x 10%6 -0.5 0 2
BeF + CIF = BeF, + Cl 1 x 107 0.5 3 2
BeF + CIF = BeClF + F 1 x 10t 0.5 3 2
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Table 2. Reactions Involving Beryllium Species (Continued)

Reaction A, E, Refer-
ce/ kcal/mole  ence
mole-sec
BeF + HC1 = BeClF + H 1x 10 0.5 6 2
BeF + LiCl = BeCIF + L1 1 x 0 0.5 6 2
BeF + NaCl = BeClF + Na 1 x 10 0.5 5 2
BeF + P + M= BeF, + M 3 x 10*6 -0.5 0 2
BeF + F, = BeF, + F 1x 0% 0.5 2 2
BeF + HF = BeF, + H 1 x 0 0.5 7 2
BeF + LiF = BeF, + Li 1 x 108 0.5 T 2
BeF + NeF = BeF, + Na 1 x 107t 0.5 6 2
BeF + H = Be + HF b x 100 0.5 8 2
BeF + HO = BeOH + F 1 x 101 0.5 6 2
BeF + Li = Be + LiF 5 x 100+ 0.5 8 2
BeF + 0 = F + Be0 5 x 107 0.5 8 2
BeF + Na = Be + NaF 5 x 10 0.5 8 2
2BeH = Bek, + Be 1 x 107 0.5 3 2
BeH, + BeO = BeHl + BeOH 1 x 10 0.5 5 2
BeR + B = Be + BH 7.00101 0.7 3 22
BeH + C = Be + CH 5.8x10"" 0.7 8 22
BeH + CN = Be + HON 1 x 10Mt 0.5 3 2
BeH, + CN = Bell + KON 1 x 10t 0.5 5 2
BeH + HCO = Bel, + CO 1 x 10t 0.5 2 2
25




Table 2. Reactions Invalving Beryllium Species (Continued)

Reaction A n E Refer-
ce/ kcal/mole ence
mole-sec

BeH + Cl = BeCl + H 5 x 10%t 0.5 3 2
BeHl + C1 = Be + HC1 2.6x10Mt 0.7 3 22
Bell, + C1 = BeH + K1 1 x 10t 0.5 5 2
BeH + F = Be + HF 2.5x10't 0.7 2 22
Bell, + F = BeH + HF 1 x 10t 0.5 s 2
BeHl + H + M = BeH, + M 3 x 101° -0.5 0 2
Bell, + H = BeH + I, 1 x 1%t 0.5 5 P
BeH + LiH = BeH, + Li 1 x 10t 0.5 3 2
BeH + NH = Bel, + N 1 x 1™t 05 5 2
BeH + NH = Be + N, 1 x 10t 0.5 3 2
Bell + NH, = Bel, + NH 1 x 101t 0.5 5 2
Bell + OF = Be + H,0 1 x 107 0.5 3 2
Bell,, + OH = BeH + H,0 1 x 10 0.5 5 2
Bell + Nak = Bel, + Na 1 x 10t 0.5 3 2
BeH + Li0 = LiOH + Be 1 x 0%t 0.5 3 2
Bell,, + LiO = BeH + LiOH 1 x 10t 0.5 5 2
BeH + N = Be + NH 5 x 10°T 0.5 3 2
BeH + O = BeO + H 5 x 101% 0.5 0 2
Bell, + O = BeH + OH 1 x 10 0.5 5 2
BeH + 0" = Be + OH 5 x 107 0.5 3 2
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Tsble 2. Reactions Involving Beryllium Species (Continued)

Reaction A, n E, Refer-
ce/ kcal/mole ence
mole-sec
Bell,, + 0" = BeH + OH 1 x 10t 0.5 5 2
BeH + NeO = Be + NaOH 1 x 10+t 0.5 73 2
BeH, + Na0 = BeH + NaOH 1 x 1040 o5 5 2
2Be0 = Be,0, 1 x 101t 05 o 2
Be0 + BeOH = Be,0, + H 5 x 10°° 0.5 4 2
BeO + Be,0, = Be,0, 1 x 1M 0.5 0 2
BeO *+ Be 0, = Be,0, 1 x 10t 0.5 0 2
Be,0, * BeOH = Be 0, + K 5 x 10t° 0.5 4 2
Be,0, + BeOH = Be,0, + H 5 x 10°° 0.5 b 2
2Be 0 = Be, 0, 5 x 10%° 0.5 0. " 2
BeO + CO = Be + CO, 1 x 10t 0.5 6 2
BeO + HCN = CN + BeOH 3.9x10Mt 0.7 15 22
BeO + HCO = CO + BeOH 1.3x10Mt 0.5 0 36
BeO + CH, = CH, + BeOH 1.6x10Mt 0.7 1 22
BeO + H,CO = HCO + BeOH 6.0x10™t 0.6 2’ 22
BeO + CH, = CH, *+ BeOH 1.13x10%2 0.6 . 22
BeO + H + M = HBeO + M 3 x 10%° -0.5 0 2
BeO + HC1 = BeOH + Cl 1 x 10t 0.5 6 2
BeO + H, = BeOH * H 1 x 10t 0.5 6 2
BeO + LiH = BeOH + Li 1 x 10t 0.5 3 2
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Table 2. Reactions Involving Beryllium Species (Contirued)

Reaction A, n . B, Refer-
cc/ kcal/mole ence )
mole-sec
BeO + NH = BeOH + N 1 x 10 0.5 5 2
BeO + HO = BeOH + O 1 x 10 0.5 6 2
BeO + HO” = BeOH + 0 1 x 10t 0.5 8 2
BeO + NaH = BeOH + Na 1 x 10t 0.5 3 2
BeO + HCN = BeOH + CN 1 x 108 0.5 6 2
BeO + HCO = BeOH + CO 1 x 10t 0.5 2 2
BeG + LiOH = BeOH + Li0 1 x 10 0.5 6 2
BeO + NH, = NH + BeOH 1.7x10%2 0.5 0 36 )
BeO + HNO.= NO + BeOH 3.5x10™ 0.5 0 3% :
BeO + H,0 = BeOH + OH 1 x 10t 0.5 6 2
BeO + NaOH = BeOH + NeO 1 x 10t 0.5 T 2
BeO + NH, = NH, + BeOH 1.3x10'2 0.5 0 %
BeO + N = Be + KO 5 x 10 0.5 6 2
Be0 + 0 = Be + 0, 5 x 10M 0.5 6. 2
BeOH + CH = BeO + CH, 2 x 101t 0.7 2 22
BeOH + C1 = BeO + HCL 9 x 10%° 0.5 0 36
BeOH + F = BeO + HF 1 x 101t 0.5 0 .36
BeUH + H = BeD + K, 5 x 10 0.7 5 2
BeOH + OH = BeO + H,0 1.1x0M 0.5 0 %
BeOH + OH = BeO,E, 1 x 101 0.5 0 2
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Table 2. Reactions Invclving Beryllium Species (Concluded)

Reaction A n E, Refer-
ce/ kcal/mole ence
mole-sec

11

BeOH + LiOH = BeOH, + Li 1 x 10 0.5 5 2
BeOH + KOH = BeO,H, + K 1 x 10t 0.5 5 2
BeOH + NaOH = BeOH, + Na 1 x 101t 0.5 5 2
BeOH + O = BeO + OH 2.ox10t 0.5 0 36
BeOH + NaO = BeO + NaOH 1.8x10Mt 0.5 0 3%
BeOH, + H = BeOH + H,0 1 x 108 0.5 5 2

.#_1
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Teble 3. Reactions Involving Boron Species

Reaction A, n ; E, Refer-
: ce/ kcal/mole ence
mele-sec
5 . 30=D + B0 b x 10t 0.5 0 2
B + BY, = 2BF 1 x 10t 0.5 -6 2
B + BOF = BF + BO 1 x 10 0.5 9 2
B + BH,= 2 BE 1 x 107t 0.5 6 2
B + BF, = 3F + BF, 1 x 101t 0.5 8 2
B+BH3=BH+BH2 1 x 101t 0.5 6 2
B + B0, = BO + B0, 1 x 0% 0.5 8 2
B +e+M=B+M 5 x 10°3 -1.5 0 2
B+ F+M=BF + M 3 x 10 -0.5 0 2
B +F +M=BF+M 4 x 107 -0.5 e =
B+F =e +BF 1 x 1ot 0.5 1 2
B+FH=5BF+H 5 x 10 0.5 7 2
B + FNa = BF + Na 5 x 10° 0.5 6 2
B' + FNa = BF + Na' 1 x 10t 0.5 6 2
B+ LiH = L4 + BH 1.5x10%° 0.7 5 22
B+OH =BO+H 5x101° 0.5 9 2
B+HO=BO+H 5 x 10M 0.5 6 2
B + NaF = Na + HB 9.2x10Mt 0.7 5 22
B + HOH = BOH + H 1 x 101t 0.5 6 2
B"+0+M=B0 +M 5:/:,1011 0.5 0 2
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Teble 3. Reactions Involving Boron Species (Continued)

Reaction A n E Refer-
ce/ kcal/mole ence
mole-sec

B+O+M=D0+M 3 x 108 -0.5 0 2
B' +0" +M=D0+M b x 1007 -0.5 0 2
B+0 =e+ B0 1 x 102 0.5 11 2
B+ 0,7~ B0 +0 5 x 100t 0.5 5 2
B +0,=80" +0 5 x 100 0.5 9 2
B+0,=50+0 5 x 101t 0.5 6 2
B+0,” =80 +0 5 x 100t 0.5 5 2
B + Na0o = BO' + Ne 5 x 10°t 0.5 A 2
B + Na0 = BO + Na' 1 x 0™t 0.5 5 2
B + NaO = BO *+ Na 5 x 107t 0.5 4 2
B+ Na=B+nNa 4 x 10Mt 0.5 o 2
BF + B0, = OBF + B0, 1 x 10t 0.5 8 2
B+ F = e + B, 1 x 10M 0.5 0 2
BF + HO = OBF + H 1 x 10t 0.5 6 2
BF + 0" = e + FBO 1 x 10t 0.5 0 2
BF+0 =F +BO 1 x 108 0.5 16 2
BF + 0, = OBF + O 1 x 10t 0.5 6 2
BF + 0, = OBF + 0 1 x 0%t 0.5 5 2
2BF, = BF + BF, 1 x 0%t 0.5 6 2
BF, + BO = BFO + BF 1 x 10t 0.5 6 2
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Teble 3. Reactions Involving Boron Species (Ccatinued)

Reaction A, E, Refer-

ce/ kcal/mole  ence

mole-ssc

BF, + F = BP, 1 x 101t 0.5 0 2

B, +F = e+ BP 1 x 101t 0.5 0 2

B, + MF = Na + BP, 1 x 101 0.5 6 2

BF, + H = BF + FH 1 x 101t 0.5 6 2

BF, + O = OBF + ¥ 1 x 101 05 6 2

BF, + Na = BF + Fia 1 x 101 0.5 6 2

BH + BH, = 2B, 1 x 101 0.5 4 2
BE+C=B+CH 1.1x10'2 0.7 3 22
BE + CH, = CH + BH, 1.05x10%2 0.7 27 22
BE + CH, = CH, + B, 4.3x10 0.7 b 22
BH + CH, = CH, * BE, 2.1x10'2 0.6 10 22
BH + HCN = CN + BH, 1.12x10™2 0.6 19 22
BH + H,CO = HCO + BH, 1.11x10%2 0.6 9 22
BE + HCO = CO + BH, 2.1a0Mt 0.5 0 3%
BH+Cl =B+ Kl 2.hx10™t 0.7 5 22
Bi+F=B+HF 2.3a0t 0.7 k 22

BH + H+M=BH,+M 3 x 106 -0.5 0 2
Bi+H=B+H 1.4x10M2 0.7 2 22
BH + NH, = NH + BH, 5.2x10" 0.6 6 22
BH + N, = Ni, + B, 7.1x106 0.6 " 22
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Table 3. Reactions Involving Boron Species (Continued)

Reaction A n E, Refer-
cc/ kcal/mcle eace
mcle-ze:
BH + HNO = NO + BH, 1.2x10%° 0.5 0 36
BE +0 =B + OH 6.6x0Mt 0.7 1 2
BH, + K = BH, 1 x 1M 0.5 0 2
BH, + H = BH + K, 1 x 10t 0.5 6 2
BH, + H, = BH, + K 1 x 10% 05 » 2
280 = B0, 1 x 10t 0.5 0 2
BO + CH, = CH + HBO 4 1x10tt 0.5 0 36
BO + CH, = CH, + HBO 6.3::10‘ll 0.6 6 22
BO + CH, = CH, + HBO 1.2x10% 0.6 16 22
BO + HCO = CO + HBO 1.hx10tt 0.5 0 36
BO + néco = HCO + HBO 5.5x10Mt 0.6 16 22
B0’ +e+M=DB0+M 5 x 10°3 3.5 0 2
B0' + F + M=TFBO +M b x 1087 -0.5 0 2
BO + F = BF + 0 1 x 10*t 0.5 1 2
BO +F =e + FBO 1 x 10M 0.5 ) 2
BO + FH = ¥BO + H 1 x 10 0.5 7 2
BO + FNa = FBO + Na 1 x 10Mt 0.5 6 2
BO' +H +M=HBO +M b x 10%7 -0.5 0 2
BO +H = HBO + e 1 x 10M 0.5 0 2
BO + H, = HBO + H 1 x 0%t 0.5 6 2
-33.
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Table 3. Reactions Involving Boron Species (Continued)

<34e

Reaction A n B Refer-

ce/ keal/wole ence
mole-sec

B0' + OH" = HBO, 1 x 107 0.5 0 2
BO + HO = HBO + 0 1 x 107 0.5 6 2
BO + HO™ = HBO + O 1 x 101 0.5 6 2
| B0 + HO = HBO, 1 x 10t 0.5 0. 2
BO + HO™ = e + HBO, 1 x 107 0.5 0 2
BO + HNa = HBO + Na 1 x a0t 0.5 3 2
BO + H,0 = HBO + OF 1 x 102 0.5 6 2
BO + NaOH = HBO + KaO 1 x 101t 0.5 7 2
BO + NeOH = Ne + HBO, 1 x 101 e 2
BO' + Ne = B0 + Na' b x 101t 0.5 0 2
B,0, *+ OH = E + B0, 1 x 10t 0.5 6 2
B,0, * 0 = B0, 1 x 10 0.5 0 2
B,0, + 0" = + B0, 1 x 10t 0.5 o 2
B,0, * 0, = B0, + 0 1 x 108 0.5 6 . 2
B0, + 0," = 07 + B0, 1 x 101 0.5 5 2
B,0, *+ Na0 = Na + B,0, 1 x 10t 0.5 k. 2
HBO + CH = BO + CH, b.hxao't 0.5 0 36
HBO + CN = BO + KON 3.1a0™t 0.5 0 %
HBO + F = B0 + FH 1 x 10t 0.5 6 2
HBO + F = FBO + H 1 x 10t 0.5 6 2



Table 3. Reactions Involving Boron Species (Concluded)
Reaction A, n E,  Refer-
ce/ kecal/mole ence
mole-sec
: 1
HBO + F = BF + HO 1x 10 0.5 6 2
HBO + 0,” = 0" + HBO, 1 x 107 0.5 5 2
HBO + 0, = 0 + HBO, 1x 107 0.5 6 2
HBO + NeO = Na + HBO, 1 x 102 0.5 b 2
n
HBO, + H = H,0 + BO 1x10 0.5 " 2
HBO, + H = BOH + OH 1 x 10t 0.5 T 2
HBO, + F = FBO + OF 1 x 100t 0.5 T 2
HBO, + F" = FBO + OH" 5 x 10-° 0.5 7 2
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Table 4.

Reactions Involving Carbon
And Carbon-Hydrogen Species

Reaction A, n 1 B, Refer-
ce/ kcal/mole ence
mole-sec

C+HC+M=Cy+ M 1 x 10% -0.5 0 2
C+Cy+M=Cy+M 1 x 106 0.5 0 2
C+CH=C,+CH 5 x 101 0.5 b 2
C + KL = 20K 5 x 10T 0.5 18 2
C + CH, = CH + CH, 5 x 10 0.5 6 2
C + CH,0 = CHO + CH 3 x 1010 0.5 3 1
C +HO=CO+ H 5 x 101 0.5 b 2
¢ + co, = 200 5 x 101 0.5 b 2
C+H+M=CH+M 2 x 10 0.5 0 1
C+OH+M=CHO+ M 3 x 107 0.5 0 2
C+OH=CO+H 5 x 101 . 0.5 b 2
C+ LiH = Id + CH 1.7x0% 0.7 9 22
C+O+M=CO+M 1 x 10*6 -0.5 0 2
C+0,=C0+0 5 x 10 0.5 4 2
2c,=Cy+C 5 x 101 0.5 6 2
C,+CE=H+C, 5 x 10 0.5 6 2
C, + CHO = CO + C,H 5 x 10 0.5 6 2
C, + CH,0 = CHO + C K 2 x 10*° 0.5 6 1
C,+H=C +CH 5 x 101* 0.5 10 1
C, + H=CH 5 x 101* 0.5 0 1
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" Teble 4. Reactions Involving Carbon
' And Carbon-Hydrogen Species (Continued)

Reaction A, n K, Refer-
ce/ kcal/mole ence
mole-sec

C,*+0=CO+C 5 x 101t 0.5 b 2
Cy + OH = C, + CHO 1 x 10%° 0.5 10 2
Cy+0=0Cp+CO 5 x 10% 0.5 b 2
CH + CH = C + C,H, 5 x 10% 0.5 6 2
CH + CH = C, + CR, 1 x 10t 0.5 1o 1
2CH = C,H, 5 x 10t 0.5 6 2
CH + CH, = C + CH, 5 x 10 0.5 6 2
CH + CHy = 2CH, 1.2::101'1 0.7 s 22
CH + CH, = CH; + CE, 2.4x10™ 0.7 6 22
CH + CE, = CH, + CH, 5 x 10T 0.5 6 2
CH + KCN = CN + CE, 3.3x10u 0.6 8 22
CH + CHO = CO + CH, 5 x 10t 0.5 6 2
CH + CH,0 = CHO + CE, 2 x 10%° 0.5 5 11
CH + B,C0 = HCO + CH, 1.1a0tt 0.7 I 22
CH + HCO = CO + CH, 3 x 10%° 0.7 1 22
CH + €0, = CO + CHO 1 x 101° 0.5 6 2
CH + Cl =C + HC1 3.2x10Mt 0.7 1 22
CH+F=C+HF 3.0x10t 0.7 1 22
CH+H=C +H, 6.4x10™t 0.7 2 22
CH + H = CE, 5 x 101t 0.5 0 1
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Teable 4. Reactions Involving Carbon
Apd Carbon-Hydrogen Species (Continued)

Reaction A, E, Refer-
ce/ kcal/mole ence
mole-sec
CH + NH, = NE + CH, 3 x 101° 0.7 2 22
CE + N = NE, + CE, 5 x 10t° 0.7 2 2
CH+ OH = H + CHO 5 x 10°t 0.5 10 2
CH + OH = C + K0 5 x 10T 0.5 6 2
CH + HNO = MO + CH, 6.3x10™ 0.5 0 36
CH + B, = 0, *+ CH, 1 x 10%° 0.5 15 2
CH + B0, = OF + CHO 5 x 101% 0.5 6 2
CH + NaOH = N0 + CH, 9.9x10t 0.6 5 22
CH+N=C+HNE 4.5x10™t 0.7 2 22
CH+0=C+OH 2.5x10t 0.7 2 2
CH+0 =HO+e 1 x 101 0.5 0 2
CH+0+M=CHO + M 1 x 106 -0.5 0 2
CH+0=H*+CO 5 x 10 0.5 4 2
CH + 0, = 0 + CHO 5 x 101% 0.5 6 2
20,0 = C, + CH, 1 x 101° 0.5 6 2
CH+H=Cp+H 5 x 101 0.5 35 1
CH + H = CH, 5 x 101 0.5 0 1
C,H + H = CH 5 x 10t 0.5 50 2
C,H + CH, = CH + CH, 5 x 10t 0.5 6 2
CHl + CH, = C, + CH, 1 x 10 0.5 6 2
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Teble 4. Reactions Involving Carbon
And Carbor-Hydrogen Species (Continued)

Reaction A n E Refer-
& cc/ kcal/mole ence
mole-sec
C,H + CHy = C, + CH, 1 x 101t 0.5 6 2
Cpfi + CHy = CH, + C,H, 1 x 10t 0.5 6 2
C,H * CHO = CO + C,H, 1 x 10 0.5 6 2
C,H + CH,0 = CHO + C,H, 3 x 10%° 0.5 6 1
CpH + CH, = CH, + CH, 1 x 10%° 0.5 6 n
CH + OH = 0 + CH, 5 x 101* 0.5 6 2
C,H * OF = C, + H,0 5 x 10 0.5 6 2
CoHl + Hy0 = C,H, + OH 1 x 10°° 0.5 6 2
CH + 0 = CH + CO 5 x 107 0.5 4 2
C,H+0=C,+ OH 5 x 10Mt 0.5 4 2
CH, + H=CH + K, 5 x 10t 0.5 15 1
2CH, = CH + CH, 5 x 10 05 6 2
CH, * CH, = 2CH, 1.21x10%2 0.7 20 11,22
CH, + HCO = CO + CH, 3 x 10%° 0.7 i 22
CH, *+ CR,0 = CHO + CH, 3 x 10%° 0.5 6 n
CH, + C1 = CH + HC1 3.6x101t 0.7 29 2
CH, + F = CH + HF 8 x 10t° 0.7 5 22
CH, +H=CH+H, 2.9x10Mt 0.7 26 1,22
CH, + K, = H + CH, 1 x 10'° 0.5 10 n
CH, + OK = O + CRy 5 x 10t 0.5 6 2
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Table 4. Reactions Involving Carbon
And Carbon-Hydrogen Species (Continued)

Reaction A n E,  Befer-
cc; kcal/mole ence
mole-sec
CH, + OH = CH + K, 5 x 101 0.5 6 2
CH, + HNO = NO + CE, 6.8xa0t 0.5 - 36
CH, + B,0 = OF + CH, 1 x 10%° 0.5 10 2
CH, + 0 = CH + OH 3.2x10t 0.7 26 2
CH, + 0 = H + CHO 5 x 10 0.5 4 2
CE, + 0, = B,CO + 0 5 x 101 0.5 7 2
CH, + CN = CH, + HON 9 x 10%° 0.7 3 22
CHy + HCO = CH, + H,CO0 1.5x108 0.7 b 22
CHy + HCO = CO + CH, 3.0010M 0.5 0 36
CH, + B,CO = CHO + CE, 1 x 10%° 0.5 6 12
CH, + C1 = CH, + HC1 2.2x10 0.7 8 22
CH, + F = CH, *+ HF 6 x 10t° 0.7 1 22
CH, + H = CE, + K, 1.8x02 0.7 3 22
CH, + K = CB, 5 x 101 0.5 0 2
CHy + H, = H + CH, 1 x 10%° 0.5 10 12
CH, + NH = CH, *+ N, 9 x 10'° 0.7 2 22
CH, + N, = CK, + NE, 1. 710t 0.7 2 22
CH, + HNO = NO + CE, 5.0x10M" 0.5 0 36
CHy + OH = CH, ¢ B, 6 x 10%° 0.7 2 22
1 x 10t 0.5 6 2

Cl{3 + m2= CHH» + 02




Table 4. Reactions Involving Carbom
And Carbon-Hydrogen Species (Concluded)

Reaction A, n E, Refer-

cc/ kcal/mole ence

mole-sec

_ 13
CHy + 0 = CE,0 + K 1.9x10 0.0 0 16
CHy + O = CH, + OH 1 xaott 0.5 17 2
CH, + NaO = CH, + NeOH 1.3x10%2 0.5 0 36
CE, + CN = CHy + HON 2.9x10M 0.7 5 22
CR, + HCO = CHy + H,C0 8.6x10% 0.6 9 22
CH, + CL = CHy + HC1 6.9x10F 0.6 13 22
CH, + F = CH, *+ HF 9 x 10%° 0.7 1 22

1
CR, + H = CH, + H, b.4x10 0.7 7 22
CH, + NH = CHy + NH, 5.9x10 0.6 7 22

~ il .

CE, + NH,- CR, + NE, 9.5x10 0.6 8 22
CH, + OR = CHy + K, 3.5x10%% 0.0 9 16
CH, + O = CH; *+ OH k.ox10°t 0.5 8 37
CH, + Ne0 = CHy + NeOK 1.6x10-t 0.7 1 22

)




N

Teble 5. Reactions Involving Carbon-Nitrogen
And Carbon-Oxygen Species
Reacticn A n E, Refer-
ce/ kcal/mole ence
mole-sec
CN + CHO = HCN + CO 1.9x10M 0.5 B 36
CN + H,CO = HCO + HCN 1.2x101t 0.7 3 22
CN+C1l™ =CN +cCl 5 x 101 0.5 0 2
CN + HCL = HON + C1 1 x 10t 0.5 6 2
CN" + F=F +CN b x 10Mt 0.5 0 2
CN+H+M=HN+M 3 x 106 -0.5 0 2
CN" +H=HN*+e 1 x 101t 0.5 0 2
CN+H =CN . +H 4 x 10t 0.5 ) 2
CN+H =HN+e 5 x 10M 0.5 0 2
CN + H, = KON + K 1 x 10t 0.5 6 2
CN + NH= HCN + N 1 x 1M 0.5 2 2
CN + NH, = HCN + NH 5 x 10%° 0.7 2 22
CH + NH = HCN + NH, 7 x 10*° 0.7 2 22
CN + OH = HCN + 0 1 x 10t 0.5 6 2
CN + OH = CN™ + OH 4 x 10t 0.5 0 2
CN + HNG = HCN + NO 3.8x10°t 0.5 0 36
N + 1130+ = HCN + Hy0 1 x 10t 0.5 0 2
CN + NaH = HCN + Na 1 x 10™ 0.5 3 2
CN + HO = HCil + O 1 x 10™t 0.5 9 2
CN+0 =CN +0 5 x 101t 0.5 0 2
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Table 5. Reactions Involving Carbon-Nitrogen .
find Mww_amm)
Reaction n B Refer-
cc/ kcal/mole ence
mole~sec ‘
i
CN +0,” = CN” + 0, % x 10M 0.5 0 2 1“
HCN + C1 = CN + KC1 4.5x101 0.6 " 20 22
HCN + F = CN + HF 4 x 10%° 0.7 1 22
HCN + E = CN + K, 2.6x10tt 0.7 8 22 r
HON + O = CN + K0 2.0x10™t 0.6 5 22
HCN + 110 = CN + LiOH 1 x 10t 0.5 6 2
HCN + 0 = CN + OH 2.8x101t 0.7 17 22
HCN + NeO = CN + NaOH 3.6x101t 0.6 2 22
CO + C,0 = C, + CO, 1 x 10t 0.5 § 2
CO+H =CHO +e 5 x 10t 0.5 ) 2
CO + OH = H + CO, 3 x 10°* 0.0 0.6 38
CO + HNO = HN + CO, 1 x 101t 0.5 7 2
CO + 110 = CO, + Li 1 x 10 0.5 5 2
CO + N0, = NO + CO, 2 x 10 0.5 5 2
CO + N0 = N, + CO, 1 x 10t 0.5 3 2
CO+0+M=CO,+ M 1 x 2016 0.0 3.5 26
CO+0™= CO, + e 1 x 101t 0.5 0 2
CO + 0, = 0 + CO, 3.5x102 0.0 51 39 '
CO + Na0 = CO, + Na 1 x 10t 0.5 b 2
C,0+M=CO+C+M 1 x 1077 0.0 100 2
C,0 + 0 = 20 5 x 101t 0.5 b 2
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Teble 5. Reactions Involving Carbon-Nitrogen
And Carbon-Oxygen Species (Continued)

Reaction - Peeg o E, Refer-

ce/ kecal/mols ence

mole-sec

Co, + H, = CO + B0 1x 10 0.5 15 2

Co, + N = CO + NO 2 x 101 0.5 8 2

C0, + 0 = CO + 0, 5 x 101t 0.5 8 2

CHO + M=CO+ H+ M 1 x 1010 0.5 23 6
2HCO = CO + H,CO 1.kx10tt 0.5 0. 36
HCO + C1 = CO + HC1 9 x 10° 0.5 0. %

CHO' + e + M=CHO + M 5 x 102 -1.5 0 2
HCO + F = CO + HF 1. 10t 0.5 0. 36
O + H = €O + K, 1.5x10%2 0.5 0 36
BCO + NH = CO + N, 1.baott 0.5 0 36
WO + N, = CO + NI, 2.6x10M 0.5 0 36
HCO + NH, = NH + E,C0 1.3x10%% 0.6 4 22
BCO + NH, = N, + K00 3.oa0tt 0.6 3 22
BCO + HNO = NO + H.CO 3.2a0 0.5 0 36
HCO + O = CO + K0 1.1x101t 0.5 0 36

CHO + L4 = CO + LiH 1 x 10 0.5 2 2

cro + 14" = cmo* + 1t 4 x 10 0.5 0 2

CHO + N = CO + NH 2 x 101 0.5 2 2

CHO + N0 = CO + HNO 2 x 10M 0.5 2 2
HO + 0 = CO * OH 1.8x0t 0.5 0 36
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Table 5. Reactions Involving Carbon-Nitrogen

And Carbon-Oxygen Species (Concluded)

Reaction A n E Refer-
ce) keal/mole ence
mole-sec
CHO + 0" = CO + OH" 1 x 101 0.5 2 2
HCO + NeO = CO + NeOH 1.8x10M 0.5 0 3%
CHO + Na = CO + NeH 1 x 10 c.5 2 2
CE,0 = E + CHO 3 x 1017 0.0 87 '3
E,CO + C1 = HCO + HC1 3.5x10% 0.6 n 22
RCO + F = HCO + HF k. 1x10M 0.5 0 36
H,CO + H = CHO + K, 1 x 1013 0.c 2 6
H,CO + OF = HCO + B0 5 x 10°° 0.7 1 22
H,CO + 0 = HCO + OH 4. 020t 0.6 b 22
H,CO + NeO = HCO + NeOH 7.2x0 0.5 0 36
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Table 6.

Reactions Involving Lithium Species

Reaction A n E, Refer-
cc/ kcal/mole ence
mole-sec

Li +CL+ M=CLLL + M 3 x 1016 -0.5 0 2
L1t + 01+ M= a0l + M b x 1087 -0.5 0 2
Lt + Cl, = LiCL + C1 5 x 10M 0.5 3 2
Lt +ery=11+ ¥ 5 x 10° -1.5 0 2
Lt +M+F=LF + M 3 x 1018 0.5 0 2
L+ F s M=Lip+ M 4 x 1087 -0.5 0 2
Li+ Fy= LiF + ¥ 5 x 101 0.5 2 2
Ii + H+ M= LK+ M 3 x 10 0.5 0 2
L'+ B +M=Lig+ M 4 x 107 <0.5 0 2
Ii + H =¢ + 14K 5 x 100+ 0.5 0 2
Lt + HCL = L4C1 + § 1 x 10M 0.5 6 2
Li* + OF + M = LiOH + M b x 1017 -0.5 0 2
Ii + OH + M = L10K + H 3 x 1016 -0.5 0 2
I4 + OH = 140 + H 5 x 10 0.5 6 2
Li + HOH = LiOH + 1 x 10t 0.5 6 2
L+ B0 =14’ + B+ Hp 1 x 10M 0.5 0 2
+8 =11+ N0 b x 107 0.5 0 2
Y+ 0" +M=Li0 + M b x 10'7 -0.5 0 2
L+ 0+ M= 140 + M 3 x 20%6 -0.5 0 2
11" + 0, " =140 + 0 5 x 102 0.5 5 2
LiCl + 0" = Li0 + 1™ 1 x 10t 0.5 6 2
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Table 6. Reactions Involving Lithium Species (Continued)

Reaction A n E, Refer-
cc/ kcal/mole ence
mole-sec
IAF + H = HF + L1 1 x 10° 0.5 7 2
LiH + C1 = L1 + HCL 2.0x10Mt 0.7 12 22
LiH + Cl = H + LiC1 5 x 10t 0.5 3 2
LiE + F = H + L4F 5 x 10t 0.5 3 2
Lif + F = L4 + HF 2.4x10Mt 0.7 8 22
I4H + H = 14 + H, 9.6x10™" 0.7 6 22
LiE + NH = 14 + NH, 1 x 10t 0.5 3 2
LK + OH = Ii + H,0 1 x 10* 0.5 3 2
LiH + L0 = L1 + LiOH 1 x 0%t 0.5 3 2
LiH + NeO = Li + NaOH 1 x 10t 0.5 3 2
Lif + 0 = Li + OH 5.1x10™" 0.7 6 22
LiOH + F = HF + Li0 1 x 10 0.5 7 2
110 + C1 = LiCl + 0 5 x 101t 0.5 5 2
Li0 + HCl = LiOH + C1 1 x 0%t 0.5 6 2
L0 + F = LiF + 0 5 x 10Mt 0.5 5 2
LiO + F~ = LiF + 0 1x 10 0.5 6 2
L0 + H = LIH + 0 1 x 107t 0.5 5 2
Li0 + ¥ = Li + OH™ 5 x 10Mt 0.5 5 2
L10 + Hy = LiOH + H 1 x 10tt 0.5 6 2
= LIOH + N 1 x 10*t 0.5 5 2

Li0 + NH




Table 6. Reactions Involving Lithium Species (Concluded)

Reaction A n E Refer-
ce) kcal/mole ence
mole-sec
140 + NH, = LAOH + N 1 x 0™t 0.5 5 2
110 + OH = LiOH + O 1 x 107t 0.5 5 2
Li0 + OH” = LiOH + O 1 x 10t 0.5 9 2
140 + H,0 = LiOH + OH 1 x 10M 0.5 6 2
Li0 + NeH = LiOH + Na 1 x 10%t 0.5 3 2
140 + N = Li + NO 5 x 10t 0.5 5 2
L0+ 0= L1 +0, 5 x 10'1 0.5 5 2
140 + 0" = Li + 0, 5 x 10%t 0.5 5 2
-48-
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Table 7.

Reactions Involving Nitrogen Species

Reaction A, n E, Refer-
ce/ kcal/mole ence
mole-sec
N+ N, = 3N b x 1016 -0.5 225 30
N+ NE=H+ N, 5 x 10'% 0.5 2 13
N + NH= 2NH 5 x 100t 0.5 2 13
N+ N = N, + NH 5 x 10°% 0.5 2 13
N + HNO = NH + NO 1 x 10%t 0.5 2 2
HNO + N = H + N0 5 x 100 0.5 3 2
N+H+M=Ni+M 3 x 106 -0.5 0 2
N+OH+M=HNO + M 1 x 1012 -0.5 100 2
N+ OH=H*NO 5 x 100t 0.5 5 2
N+NO=2N+0 1.12x102° -1.0 151 5,25
N+0 =N +e 1 x 101t 0.5 0 2
N +0,=0+NO 1.33x10™° 1.0 7 25
N+0, =N+ 0 5 x 10t 0.5 6 2
N + NeO = NO + Na 5 x 10t 0.5 4 2
2N, = 2N + N, 5. 4x10t" -0.5 225 30
N, + Ar = 2N + Ar b x 108 55 225 30
N, +M=2N+M 1.9x101? 1.0 225 5
N, + MO = 2N + NO 1.5x10%6 -0.5 225 30
N, +NO=N+0+N 5.6x10%0 -1.0 151 5,25

n

2
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Table 7. Reactions Involving Nitrogen Species (Continued)

Reaction A, n E, Refer-
ce/ kcel/mcle  ence
mole-sec
Ny + M0 = N, + N 8 x 107 0.0 121 5
N, + NO, = N,0 + N0 1.hx101h 0.0 83 5
N, +0=N0+N 6.8x10"3 0.0 75 5
Ny +0=2N+0 1.5x10%6 -0.5 225 30
Ny+e+0=0 +N, 3 x 10%° 0.0 0 b2
Ny + 0, = 2 + 0, 1.5x20'6 -0.5 225 30
N, + 0, = N,O+ 0 4 x 102 0.0 106 5
N, + 0, = 240 2 x 10t 0.0 122 5
N, + 0, = NO, + N 1,70 0.0 136 5
Ny + 0, +e=0 +N, 3 x 1086 0.0 0 43
NE + C1 = N + HC1 2.2x10%? 0.68 0.2 22
NE+F = N+ HF 1.kaot? 0.68 0.6 22
NH+ H+M=NH, + M 2 x 1080 0.5 0 13
N+ E =N+ E, 1.0x10%? 0.68 1.9 22
NH + B = NH, + e 5 x 100+ 0.5 0 2
NH + HNO = NO + NH, 2 x 10 0.5 2 13
NH + HO = N + E.0 5 x 10't 0.5 2 2
NH + Nel = N, + Na 1 x 107t 0.5 3 2
N0 + M = N, + ENO 1 x 10 0.5 3 2
NO, + NH = NO + HNO 2 x 10 0.5 5 2
NH+O+M=HN + M 1 x 10%6 -0.5 0 2

e
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Table 7. Reactions Involving Nitrogen Species (Continued)

Reaction A, n E, Refer-

ce/ kcal/mole ence
mole-sec - 4

Ni+0=E+NO 5 x 10 0.5 5 13
NE + O =N+ OH 8.4x102 0.7 0.1 22
NE + 0" = N + OH 5 x 101 0.5 5 2
NE + NaO = NaOH + N 1 x 108 0.5 5 2
NH, + C1 =N + HCl 5. 10 0.5 0 3%
NE, + F = NE + HF 6.2x10Mt 0.5 0 36
Mi, + H = NE + 1. kot 0.7 b 22
Mi, + H = ) + NE 5 x 10 0.5 2 13
NE, + B = N, 5 x 10M% 0.5 0 2

oNH, = NH + NH, 1x 102 0.5 3 2,14

NE, + HNO = NO + N, 6.1x10™t 0.5 0 13,3
MH, + OH = NH + H,0 3x 100 0.7 1 22
NH, + 0" = NH + OH" 1 x 10& 0.5 5 2
Ni, + O = NH + OH 9.2x10Mt 0.5 0 36
NH, + NaO = N + NeOH 1.2x0%2 0.5 0 3%
NH, + C1 = Ni, + KCL 4500 0.5 0 3%
NE, + F = NA, + HF 4. 3x10Mt 0.5 0 3%
NE, + H = NH, + H, 1.9a0tt 0.7 3 22
N, + OF = NH, + )0 b x 10%° 0.7 1 22
N, + H = NE, + H, 5 x 10t 0.5 2 13
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Teble 7. Reactions Involving Nitrogen Species (Continued)

Reaction A, n E, Refer-
ce/ kcal/mole ence
mole-sec
N'{3 +0 = NH, + OH 8.2x10tt 0.5 0 36
NE; + NeO = N, + NeOH 9.6x10% 0.5 0 36
HNO + C1 = NO + HC1 2.5x10 0.5 0 36
HNO + F = NO + EF 2. b0t 0.5 0 %
HNO + H = NH + OH 2 x 101t 0.5 13 2
HNO + H = NO + H, 3.9x1012 0.5 0 13,36
HNO + OH = NO + H,0 2 x 10% 0.5 2 3
HNO + 0 = NH + O, 1 x 10t 0.5 7 2
HNO + 0 = H + NO, 5 x 1010 0.5 3 2
HNO + O = NO + OH 5.0x10* 0.5 0 3%
HNO + NeO = NO + NaOH b 7x10™t 0.5 0 36
NO + Ar = N + O + Ar 5.6x10'8 -1.0 151 5,25
NO' + e+ M=NO+M 5 x 10°3 1.6 0 2
NV +e=N+0 2.8x10°° 13 0 bh
NO + e = NO' + 2e 2.5x10%3 0.5 21k 5
NO+M=N+0+M 2. 41087 -0.5 150 5
NO+M=NO"+e+M 6 x 10* 1.5 21k 5
NO + H+M=ENO + M 1 x 1047 -0.5 0.7 2,15
2N0 = N,0 + 0 3.5x10'2 0.0 6l 5
20 = NO, + N 1 x 100 0.0 88 5
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Teble 7. Reactions Involving Nitrogen Spucies (Concluded)

Reaction A n E, Refer-
cc} kcal/mole  ence
mole<sec
2O = N + 0 + NO 1.12x10°° -1.0 151 5,25
NO+ O =N+ 20 1.12x10%° -1.0 151 5,25
NO' + 0" = NO + O 3.6x10%7 -1.0 0 W
NO + O,= N + 0+ 0, 5.6x10t8 -1.0 151 5,25
No' + 0,7 = NO + O, 3.6x20™ -1.0 0 Lk
No' + K =N+ K b x 1080 0.5 0 2
N0 + M =N+ NO+M 1 x 1% -1.0 115 5
N0 + H = N, + OH 3 x 10t 0.0 16 40
N0 + H = NH + NO 1 x 10t 0.5 30 2
N0 + 0, = NO + NO, 1 x 103 0.0 T0 5
No, + H = NO + OH 5 x 10t 0.5 5 2
N0, + 0 = NO + O, 2 x 1043 0.0 1.1 32
N0 + O = N + No, 1 x 103 0.0 50 5,29
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Table 7. Reactions Involving Nitrogen Species (Concluded)

Reaction A n E, Refer-
cc/ kcal/mole  ence
mole=-sec
ZNO = N + 0 + NO 1.12x10°9 -1.0 151 5,25
“NO + 0 =N + 20 1.12x0%° -1.0 151 5,25
No' + 0" = NO + 0 3.6x107 -1.0 0 Lk
NO + 0= N + 0+ 0, 5.6x10*8 1.0 151 5,25
No* + 0,7 = NO + 0, 3.6x10°7 -1.0 0 Lk
No' + k = No + K b x 101 0.5 0 2
N+ M=N+NO+M 1 x 10t -1.0 115 5
N0+ H =N, + OH 3 x 10™ 0.0 16 40
N,0 + H = NH + NO 1 x 107 0.5 30 2
N0 + 0, = NO + NO, 1 x 10%3 0.0 70 5
N, + H = NO + OH 5 x 10 0.5 5 2
No, + 0 = NO + 0, 2 x 10%3 0.0 1.1 32
NO+0=N+NO 1 x 10%3 0.0 50 5,29

2

2
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Table 8. Reactions Involving Potassium Species
Reaction A, n E, Refer-
ce/ kcal/mole  ence
mole-sec

K+Cl+MaKCl+M 3 x 1016 0.5 0 2
K"+ C1"+M=KC1 + M 4 x 1087 -0.5 0 2
K + Cl, = KC1 + C1 5 x 10*t 0.5 3 2
K'+e+MaK+M 5 x 1023 -1.5 0 2
K+F+M=KF +M 3 x 1018 -0.5 0 2
K" +F +M=KF + M b x 2007 0.5 0 2
K+F,=KF+F 5 x 10 0.5 2 2
K' + OH" + M = KOH + M b x 1017 -0.5 0 2
K+ OH+M=KOH + M 3 x 106 -0.5 0 2
K + HOH = KOH + H 1 x 10Mt 0.5 6 2
x+H3o*=x*+n+nao b x 100t 0.5 0 2
KC1 + H = HC1 + K 5 x 100t 0.5 7 2
KF + H = HF + K 5 x 100t 0.5 7 2
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Table G.

Reactions Invslving Sodium Species

Reaction A, n E, Refer-
ce/ kecal/mole  ence
mole-sec
Na + Cl + M = NaCl + M 3 x 10%6 -0.5 0 2
Na* + C1° + M = NaCl + M b x 1007 -0.5 0 2
Ne + C1” = NaCl + e 5 x Topm 0.5 0 2
Na + Cl, = NaCl + C1 5 x 101t 0.5 3 2
Na + CIF = NeF + C1 5 x 10+ 0.5 3 " 2
Na + CIF = NaCl + F 5 x 100t 0.5 3 2
Na + HCL = NaCl + H 5 x 10 0.5 6 2
Na' + e+ M=DNa+M 5 x 102 -2.5 0 bk
Na + e =Na' + 2 2.6x10%3 0.5 119 5
Na' + e = Na + by 1.2a0M -0.75 0 5
Na + F + M = NaF + M 3 x 1016 -0.5 0 2
Na* + F" + M = NaF + M b x 107 -0.5 0 2
Na+F2=Na.F+F_ 5:1:10ll 0.5 2 2
Na* + H™ + M = NaH + M b x 107 -0.5 0 2 .
Na + H+M=DNaH + M 3 x 10%6 -0.5 0 2
Na + H™ = NeH + e 5 x 100t 0.5 0 2
Na® + OH" + M = NaOH + M b x 1017 -0.5 0 2
Na + OH + M = NaOH + M 3 x 10%6 -0.5 0 2
Na + OH” = NaOH + e 1 x 108 0.5 0 2
Na + HOH = NaOH + H 1 x 10t 0.5 6 2
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Table 9. Reactions Involving Sodium Species (Continued)
Reaction A, n E, Refer- ’
ce/ kcal/mole  ence
mole=-sec
.
Na + zz3o* = Na' + H + B 1 x 10 0.5 6 2
Na+ 2N=N,+Na +e 4 x 107 0.0 0 42
Na+N+0O=DNO+Nat+e 4 x 107 0.0 0 b2
Na + No© = Na* + NO 3 x 10'3 -6.5 0 b2
Ka*+ 0" + M = NaO + M b x 1048 0.0 0 b2
Na+0+M=NaOD + M 3x1016 «0.5 0 2
Na + 0" = NeO + e 5 x 10°* 0.5 - 2"’”'
Na' + 0" = Na + 0 b x 1028 -1.0 0 Jhe
Na + 20 = 0, + Na' + e b x 101 0.0 0 5
Na + 0, + M = NaO_ + M L x 1003 0.0 0 b2
Na' + 0,” = Na + 0, b x 1018 1.0 0 b2
Na' + 0,7 = Na0 + 0 5 x 10°% 0.5 6 2
NeCl + 0™ + NaO + C1” 5 x 107 0.5 2 2
NeF + H = HF + Na 1 x 10% 0.5 6 2
NaF + 0" = NaO + F~ 1x 0™t 0.5 6 2 |
NeH + C1 = NaCl + H 5 x 10°t 0.5 3 2
NaH + C1 = JMa + HC1 1.8x10M 0.7 10 22
NeH + F = Na + HF 1.7x10™t 0.7 8 22
NeH + F = NaF + H 5 x 10M* 0.5 3 2
NeH + H = Na + H, 1.0t 0.7 5 22
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Table 9. Reactions Involving Sodium Species (Concluded)

Reaction A n E, Refer-
cc/ kcal/mole ence
mole-sec
NeH + OH = Na + H,0 1 x 100t 0.5 3 2
Nell + O = Na + OH 1.3x10%2 0.7 1 22
NeH + O = NaO + H 5 x 10°% 0.5 3 2
Nelf + NaO = NaOH + Na 1 x 10 0.5 3 2
NeO + C1 = NaCl + O 5 x 100 0.5 4 2
NeO + F = NaF + O 5 x 10°* 0.5 " 2
NeO + H + M = NeOH + M 3 x 109 -0.5 0 2
NeO + H™ = Na + OH 5 x 10+ 0.5 4 2
NeO + H” = NeOH + e 5 x 10Mt 0.5 0 2
NeO + HC1 = NaOH + C1 1 x 107 0.5 6 2
NaO + H, = NaOH + H 1 x 10™t 0.5 6 2
NaO + OH = NaOH + O 1 x 0™ 0.5 6 2
a0 + OH = NaOH + O 1 x 0™t 0.5 9 2
NaO + H,0 = OH + NaOH 1,300 0.5 0 36
NaO + 0° = Na + 02' 5 x 10t 0.5 L 2
NeO + 0 = Na + O, 5 x 10 0.5 6 2
NeOH + C1 = NeO + HC1 1.0x10Mt 0.5 0 3%
NeOH + F = NaO + HF 1.2a0M 0.5 0 36
NeOH  H = NaO + H, 1.19x10%2 0.7 19 22
NeOH + OH = NeO + H,0 1.2x10Mt 0.5 0. 3%
NeOH + O = NeO + OH 2.6x10Mt 0.5 0. 3%
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Table 10. Reactions Involving Chlorine Species
Reaction :\ n E, Refer-
cc/ kcal/mole ence
mole-sec
ClL+Cl™ =Cl,+e 5 x 10T 0.5 0 2
CL+e+M=Cl" +M 1 x 10%° -1.0 0 2
CL+H+M=HCL +M 3 x 106 -0.5 0 2
CL+H =C1” +H b x 10 0.5 0 2
ClL+H =e+HC1 5 x 10Mt 0.5 0 2
Cl” + H = HC1 + e 5 x 10 0.5 0 2
Cl+H,=H~+HI 8.1x10"3 0.0 6 31
Cl+ OH" = C1” + OH b x 10M 0.5 0 2
€1 + H,0" = HCL + Hy0 1 x 10%° 0.5 6 2
CL+0" =C1" +0 b x 10 0.5 0 2
C1+0,” =C1" +0, 5 x 101 0.5 0 2
HCL + F = C1 + HF 1.9x10™ 0.7 0.6 22
HC1 + OH = C1 + H,0 1 x 101 0.5 6 2
HCl + 0" = OH + C1~ 5x 101t 0.5 13 2
HC1 + O = C1 + OH 2,310t 0.6 1 22
CIF + H = HF + C1 5 x 10M% 0.5 3 2
CIF + H = HC1 + F 5 x 10° 0.5 3 2
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Table 11. Reactions Involving Fluorine Species
Reaction A, n E, Refer-
ce/ keal/mole  ence
mole-sec
F+te+MNuF +M 1 x 10°° 1.0 0 2
F+OH+HF =0 + 2HF 5 x 1018 -0.5 6 2,19
F+H =F +H b x 10 0.5 0 2
F+2H=0F +H 3.5x1017 0.5 0 2,19
F+Hy=H+HF 7.8x0™* 0.7 3 22
F+H+Hy = HF + K, 7 x 1047 -0.5 0 2,19
F+OH =F +O0H b x 10t 0.5 0 2
F+OH=0+HF 2.9x10%2 0.7 0.2 22
F+ B0 = OH + HF 5.6x10 0.5 0 %
F+HO = HF + HO 1 x 102 0.5 6 2
F+H+OH=BF + OH 5 x 1028 0.5 0 2,19
P+ H30+= HF + H,0 1 x 10t 0.5 0 2
P+ H+HO=HF +HD 5 x 1088 -0.5 0 2,19
F+0 =F +0 4 x 10™ 0.5 0 2
F+0, " =F +0, b x 104t 0.5 0 2
F,+M=2F + M 7.1x10%? 0.0 30 35
Fy+He=HF +F 5.28x10"2 0.5 b 23
HF+M=H+F+M 5.1x10°2 -2.0 134 28
W+ H=Hy+F 1 x 1013 0.0 35 28
WP + 28 = l, + HF 1 x 10%? 0.5 0 2,19
HF + 0" = HO + P~ 1 x 10 0.5 7 2
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Table 12. Reactions Involving Oxygen Species

Reaction A n E, Refer-
cc/ kcal/mole ence
mole-sec
0+0” +M=0,"+M b x 1017 0.0 0 L2
0+0, =30 8.5x1019 -1.0 118 5,33
0+0, =0,+0 b x 10%2 0.0 0 b2
20, = 20 + 0, 2 x 1047 -1.0 118 5
0, +M=20+MH 3 x 1088 -1.0 118 5
0, +M=0,+e+M 5 x 103 0.0 10 2
0y +M=0+0,+H 6 x 10V 0.0 25 5,3
O+e+M=0" +M b x 10% 0.0 0 21
0O+e+0,=0" +0, b x 1087 0.0 0 5
0+e+N,=0" +N 2 x 107 0.5 0 5
O+e=0+h 7.2::108 0.0 0 5
0,+e=0"40 3 x 107 -1.0 84 5
O, +e=0, +h 1 x 10° 0.0 0 43
20, +e=0,+0 1.5x02 -1.0 0 5
O+H+M=0H+M 2x 1018 «1.0 0 L
O+H +M =0 +M b x 1087 0.5 0 2
0" +H+M=OE +M 6 x 10%7 0.5 0 2
O+ 2H =08 +H 3.5x10%7 0.5 0 2,4
0+E+H, =00+, 7 x 1087 0.5 0 2,k
O+H+OH =20 5 x 104 0.5 0 2,k
O+ H+HD =0 +HD 5 x 1018 0.5 0 2,b
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Table 12. Reactions Involving Oxygen Species (“ontinued)
Reaction A n E, Refer-
ce/ kcal/mole ence
mole -sec
0O+H =e +OH 5 x 101 0.5 0 2
0O+H +0 +H 4 x 10t 0.5 0 2
OO +H=O0H+e 5::10ll 0.5 ) 2
o'+r12-n+on' 5 x 10t 0.5 6 2
0+ R, =H*OoH h x 1013 0.0 10 37
0+ H,0 = 208 4,203 0.0 18 b1
0"+ OH=0+OH 5 x 10 0.5 0 2
0" + H,0" = OH + B0 1 x 10%° 0.5 6 2
O, + H+M=0H+M 1 x 108 -0.5 0 2,26
0, + H=0R+0 2 x 18 0.0 17 26
0, + H=OH+ 0 5 x 10° 0.5 6 2
0, + H =0+ 0K 5 x 107 0.5 6 2
0, +H =0, +H b x 100t 0.5 0 2
0,+0,=0+0, 1 x 10*2 0.0 97 5
0, + K, = 20H 1 x 10t 0.0 70 9,23
0,” + OH = OH™ + 0, b x 101t 0.5 0 2
OH" +M=0OH+e+M 5 x 1013 0.0 10 2
O + H + M= HED + M b.5x10°% 4.5 0 26
OH + H + H,0 = 2H,0 1.8x10%2 -1.5 0
O™ + H = H 0 +e 1 x 10t 0.5 0 >
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Table 12. Reactions Involving Oxygen Species (Concluded)

Reaction A, n E, Refer-
cc/ kcal/mole ence
mole=-sec

ox+n’=e+nzo 5x10ll 0.5 ) 2
OH + B =H+ OH b x 1011 0.5 0 2
O + 2H = H, + O 5 x 1018 -0.5 0 2,19
OH + Hy = H+ Ky € x 10 0.5 5. 38
OH™ + OH = H,0 + 0" 1 x 10t 0.5 g 2
oH" + 330+ = 25,0 1 x 10 0.5 0 2
H0 + H = OH + K, 2.9x10ll 0.7 18 22
B0 + 2H = K, + H,0 5 x 1018 -0.5 0 2
HO, + H = H, + 0, 1 x 10t 0.5 6 2
HO' +e=HO+H 3 x 1017 0.5 0 2,17 .

3
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Teble 13.

Reactions Involving Hydrogen Species

Reaction A n E, Refer-
ce/ kcal/mole  ence
mole-sec
oH + H. = 2H 5 % 100 -1.0 0 o6
H, 2 6
M=Ky +H 2 x 1019 -1.0 0 @
2+ M= Hy+ M 2 x 1080 -1.0 0 6
He H = e+ 1, 5 x 100+ 0.5 0 2
Hte+M=H +M 1 x 16%° 1.0 0 2
1
H+H+HO=H +H0 1.5x10~2 -1.0 0 26

2 2 2

»
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